Objective: This study aimed to compare the clinical outcomes between in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) in sibling oocytes. Additionally, we evaluated whether the implementation of split insemination contributed to an increase in the number of ICSI procedures. Methods: A total of 571 cycles in 555 couples undergoing split insemination cycles were included in this study. Among them, 512 cycles (89.7%) were a couple's first IVF cycle. The patients were under 40 years of age and at least 10 oocytes were retrieved in all cycles. Sibling oocytes were randomly allocated to IVF or ICSI. Results: Total fertilization failure was significantly more common in IVF cycles than in ICSI cycles (4.0% vs. 1.4%, p< 0.05), but the low fertilization rate among retrieved oocytes (as defined by fertilization rates greater than 0% but < 30%) was significantly higher in ICSI cycles than in IVF cycles (17.2% vs. 11.4%, p< 0.05). The fertilization rate of ICSI among injected oocytes was significantly higher than for IVF (72.3% ± 24.3% vs. 59.2% ± 25.9%, p < 0.001), but the fertilization rate among retrieved oocytes was significantly higher in IVF than in ICSI (59.2% ± 25.9% vs. 52.1% ± 22.5%, p < 0.001). Embryo quality before embryo transfer was not different between IVF and ICSI. Although the sperm parameters were not different between the first cycle and the second cycle, split insemination or ICSI was performed in 18 of the 95 cycles in which a second IVF cycle was performed.
Introduction
Fertilization failure can be an extremely stressful experience to couples undergoing in vitro fertilization (IVF) and embryo transfer (ET) cycles, as well as to clinicians. Fertilization failure occurs in 3.52% to 20% of IVF cycles [1, 2] , and even in 1% to 3% of intracytoplasmic sperm injection (ICSI) cycles [3, 4] . Embryo transfer is usually cancelled when fertilization failure has occurred. In ICSI cycles, rescue ICSI can be performed when immature oocytes are matured 1 day after oocyte retrieval. Recently, concern over fertilization failure may have caused ICSI to become more common in cases of non-male factor infertility, especially in cycles in which a small number of oocytes are retrieved, as in patients who are poor responders or exhibit ovarian failure. Among cases of non-male factor infertility, the indications for ICSI generally include unexplained infertility, the retrieval of poor quality oocytes or a small number of oocytes, advanced maternal age, previous fertilization failure with conventional insemination, preimplantation genetic diagnosis (PGD), fertilization after in vitro maturation, and fertilization of frozen-thawed oocytes [5] . The main reason that ICSI is applied in such cases is to prevent fertilization failure. According to a study of the practice committees of the American Society for Reproductive Medicine and the Society for Assisted Reproductive Technology, ICSI is safe and effective for patients with male factor infertility and ICSI might benefit patients undergoing IVF cycles with PGD, in vitro matured oocytes, and frozen-thawed oocytes. However, ICSI cannot improve the clinical outcomes of patients with unexplained infertility, low oocyte yield, or old age, and there is no evidence that ICSI improves clinical outcomes in cases of nonmale factor infertility [6, 7] . Moreover, it is unknown whether the reproductive risks known to be associated with ICSI in male factor infertility, such as increase of sex or autosomal chromosome aberrations, congenital anomalies, and imprinting disorders, are associated with ICSI in cases of non-male factor infertility [8] . The routine use of ICSI for preventing fertilization failure may decrease the incidence of fertilization failure, but ICSI must be carried out unnecessarily in more than 30 couples to prevent fertilization failure in one couple [5] .
Despite the development of assisted reproductive technologies, the prediction of fertilization failure or low fertilization with perfect accuracy is impossible in IVF cycles in patients seeking treatment at infertility clinics. Fertilization failure occurs unexpectedly after conventional insemination, even though the male partner may have normal sperm parameters. ICSI is usually suggested in subsequent cycles when low fertilization or fertilization failure has occurred, although low fertilization and fertilization failure do not always occur repeatedly [9, 10] . Additionally, ICSI is usually performed in every subsequent cycle of the couple after having been performed once. It is not easy to choose between conventional IVF and ICSI to fertilize the retrieved oocytes because there is the possibility of fertilization failure in conventional IVF, while for ICSI, there is the possibility of unnecessary implementation. Therefore, the implementation of split insemination has increased recently to minimize fertilization failure and check for the possibility of fertilization by IVF, especially in the first IVF cycle of couples with unexplained infertility [11] . Sibling oocytes are randomly allocated to conventional IVF or ICSI in split insemination. The results of fertilization after split insemination can then be helpful for determining the insemination method (IVF or ICSI) in subsequent cycles. Split insemination has mainly been implemented in patients with unexplained infertility or mild male factor infertility, and the clinical outcomes of IVF and ICSI have been compared in split insemination cycles [12] [13] [14] [15] [16] [17] [18] [19] . However, the effectiveness of split insemination remains controversial. Fertilization failure was prevented in some IVF cycles by ICSI, but the pregnancy outcomes were not improved. Split insemination did not significantly reduce the implementation of ICSI in subsequent IVF cycles [14] . Moreover, concerns have been raised about the safety of ICSI in non-male factor infertility [5] .
Recently, the application of ICSI has been greatly extended into the treatment of non-male factor infertility, although its effectiveness has not been proven in such cases. Moreover, major concerns have been raised over the implementation of unnecessary ICSI in the treatment of non-male factor infertility. The main reason for ICSI application in non-male factor infertility is the fear of fertilization failure or low fertilization. It is difficult to compare the effect of the insemination method (IVF or ICSI) on the fertilization of oocytes in separate IVF or ICSI cycles because differences among infertile couples might influence the fertilization of oocytes. Therefore, we compared the effect of the insemination method (IVF or ICSI) on fertilization in split insemination cycles to minimize the impact of such differences. We assessed the maturation status of unfertilized oocytes among inseminated oocytes to analyze whether other factors may have influenced the fertilization of oocytes. Moreover, we evaluated whether split insemination contributed to making ICSI implementation more common by analyzing the rate of ICSI implementation in the second cycles of couples in whom pregnancy was not established in their first cycle.
Methods

Patients, controlled ovarian hyperstimulation, and fertilization
In total, 555 couples underwent 571 IVF-ICSI split insemination cycles between January 2011 and December 2013. Among them, the IVF cycles of 512 couples were their first cycle. The couples included in this study had mild male factor infertility (mild asthenozoospermia, 200 cycles), tubal factor infertility (112 cycles), or unexplained infertility (259 cycles). Females aged 40 and older were excluded from this study, and only cycles in which 10 or more oocytes were retrieved were analyzed in this study. Freshly ejaculated sperm was used for fertilization. Patients with less than 50% motility in the results of a semen analysis were included in the category of mild infertility. In several cycles, there were differences in sperm concentration and motility between the semen collected on the day of oocyte pickup and the semen collected on the day of semen analysis. The clinicians explained to the patients that half of the retrieved oocytes would be fertilized by conventional IVF and the other half would be fertilized by ICSI. All couples provided informed consent.
Controlled ovarian hyperstimulation was carried out using a gonadotropin-releasing hormone antagonist, recombinant folliclestimulating hormone or human menopausal gonadotropin, and human chorionic gonadotropin (hCG). Oocytes were retrieved trans-
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vaginally under ultrasound guidance 35 hours after hCG injection. After the completion of oocyte retrieval, the retrieved cumulus-oocyte complexes were randomly allocated to receive either conventional IVF or ICSI. The oocytes allocated to IVF were maintained in fertilization medium until the sperm samples were prepared. The oocytes allocated to ICSI were prepared for ICSI. Cumulus cells were removed approximately 2 hours after oocyte retrieval. Cumulus cells were removed after short exposure to a medium containing 80 IU/ mL of hyaluronidase (Sage, Trumbull, CT, USA). The remaining cells were mechanically removed by gentle pipetting with hand-drawn glass capillaries. The maturation status of the cumulus cell-removed oocytes was evaluated using an inverted microscope (Nikon, Tokyo, Japan). The oocytes were maintained in fertilization medium for at least 1 hour before ICSI. Semen samples were collected immediately after oocyte pick-up. Sperm concentration and motility were analyzed by light microscopy. Sperm was prepared by the density gradient centrifugation method using SpermGrad (Vitrolife, Göteborg, Sweden). The oocytes allocated to IVF were inseminated with sperm within 5 hours after oocyte retrieval. The oocytes were placed in fertilization medium with 50,000 or more motile spermatozoa per milliliter overnight. Among the oocytes allocated to ICSI, mature metaphase II oocytes were injected with sperm.
Assessment of fertilization and embryo quality
Fertilization was assessed approximately 16 hours after insemination or ICSI. Normal fertilization was confirmed by the presence of 2 pronuclei (PN) and the extrusion of the second polar body (PB). In all split insemination cycles, the fertilization rate of IVF and the fertilization rate of ICSI were calculated independently. The fertilization rate of conventional IVF was calculated as the percentage of fertilized oocytes of the inseminated (or retrieved) oocytes. In ICSI, two fertilization rates were calculated: the percentage of fertilized oocytes among the injected oocytes and the percentage of fertilized oocytes among the retrieved oocytes (oocytes that were allocated to ICSI). After the fertilization status of the oocytes was observed, fertilized oocytes were cultured in a 50-μL drop of medium covered with paraffin oil, in a humidified atmosphere under 6% CO2 at 37°C before embryo transfer. Embryos fertilized by conventional IVF and embryos fertilized by ICSI were cultured separately. Embryos were replaced between day 2 and day 5. Embryo quality was assessed just before embryo transfer. Embryo quality was classified according to the embryo morphology on the day of embryo transfer. Comparison of embryo quality between conventional IVF and ICSI was performed only in cycles in which embryo transfer was performed on day 3 after oocyte retrieval. Day 3 embryo transfers were performed in 301 cycles. Embryos were classified as good, fair, or poor embryos based on their morphology. Good embryos had ≥ 7 even-sized blastomeres and ≤ 10% fragmentation of the volume of the embryos. Fair embryos had ≤ 6 even-sized or ≥ 6 uneven-sized blastomeres and 10% to 30% fragmentation. Poor embryos had uneven-sized blastomeres, regardless of the blastomere number, and > 30% fragmentation. Embryos from conventional IVF were replaced in 166 cycles; embryos from ICSI were replaced in 66 cycles; and embryos from conventional IVF were replaced along with embryos from ICSI in 278 cycles. Clinical pregnancy was ascertained by confirming the fetal heart beat using ultrasonography at 6 or 7 weeks of gestation.
Statistical analysis
Results are expressed as mean ±standard deviation. Statistical analysis was performed using SPSS ver. 12.0 for Windows (SPSS Inc., Chicago, IL, USA). One-way analysis of variance, the Kruskal-Wallis rank test, or the Fisher exact test was performed to analyze the significance of differences between groups. A p-value of < 0.05 was considered to indicate a statistically significant difference.
Results
Comparison of fertilization rates between conventional IVF and ICSI in IVF-ICSI split insemination cycles
A total of 10,471 oocytes were retrieved in 571 cycles. Among them, 4,915 oocytes were allocated to IVF and 5,556 oocytes were allocated to ICSI. In IVF, normal fertilization (2 PN and second PB) was observed in 2,878 oocytes (58.6%). In ICSI, 3,926 oocytes were injected with sperm, and normal fertilization was observed in 2,854 oocytes (51.4%). The fertilization rates of conventional IVF and ICSI were compared in IVF-ICSI split insemination cycles ( Table 1 ). The fertilization rate among the injected oocytes in the ICSI group (72.3%±24.3%) was significantly higher (p< 0.001) than the fertilization rate among the inseminated (or retrieved) oocytes after conventional IVF (59.2% ± 25.9%). However, fertilization rate among the retrieved oocytes in the ICSI group (52.1% ± 22.5%) was significantly lower (p < 0.001) than the fertilization rate among the inseminated (or retrieved) oocytes after conventional IVF (59.2% ± 25.9%).
The occurrence of total fertilization failure and low fertilization (fertilization rate < 30%) were compared between conventional IVF and ICSI in split insemination cycles (Table 2) . Total fertilization failure occurred in 23 cycles of conventional IVF (4.0%) and in 8 cycles of ICSI (1.4%) among the 571 cycles. Total fertilization failure occurred significantly more often (p < 0.05) in conventional IVF than in ICSI. The low fertilization rate among the inseminated oocytes in the conventional IVF group was 11.4% (65 of 571) and the low fertilization rate among the injected oocytes in the ICSI group was 7.0% (32 of 571). The low fertilization rate was significantly higher (p < 0.05) in the conventional IVF group than in the ICSI group when the fertilization rate was calculated among the inseminated oocytes in IVF and among the injected oocytes in ICSI. However, the low fertilization rate among retrieved oocytes in the conventional IVF group (11.4%) was significantly lower (p< 0.05) than the corresponding rate in the ICSI group (17.2%).
Comparison of fertilization rates between conventional IVF and ICSI in couples with different infertility factors
The fertilization rates of conventional IVF and ICSI were compared in couples with three different infertility factors: mild asthenozoospermia, tubal factor, and unexplained factor. The female partners were significantly younger (p< 0.001) in couples with tubal factor infertility (33.0 ± 3.3 years) than in couples with mild male factor or unexplained factor infertility (34.1 ± 2.8 years and 34.3 ± 2.8 years, respectively). The number of retrieved oocytes, the follicle-stimulating hormone level on day 2 or 3 of the menstrual cycle, and the estradiol level on the day before oocyte retrieval were not different among couples with the various infertility factors ( Table 3 ). The clinical preg- nancy rate was not different among these couples (Table 1) . Sperm concentration and motility before and after preparation for IVF were compared (Table 3) . Differences were found in sperm concentration and motility before the preparation of sperm for IVF among these couples. The sperm concentration of couples with tubal factor infertility (95.4 ± 56.5 × 10 6 /mL) was significantly lower (p < 0.05) than that of couples with unexplained factor infertility (117.6 ± 30.5 × 10 6 / mL). The sperm concentration of couples with mild asthenozoospermia (104.5 ± 72.9 × 10 6 /mL) was not different compared to those of the couples with other infertility factors. The sperm motility of couples with mild asthenozoospermia (41.4% ± 20.2%) was significantly lower (p < 0.01) than was observed in couples with tubal factor or unexplained factor infertility (61.1% ± 17.0% and 50.95% ± 11.7%, respectively). There were differences in sperm concentration and motility after sperm preparation for IVF using the discontinuous density gradient method among the couples with these three different infertility factors. The sperm concentration of couples with mild asthenozoospermia (26.1 ±12.1 ×10 6 /mL) was significantly lower (p < 0.01) than that of couples with unexplained factor infertility (32.0 ± 11.2 × 10 6 /mL). The sperm concentration of couples with tubal factor infertility (29.5 ± 11.9 × 10 6 /mL) was not significantly different than that observed in couples with mild asthenozoospermia or unexplained factor infertility. The sperm motility of couples with mild asthenozoospermia (88.0% ± 10.7%) was significantly lower (p < 0.01) than in couples with tubal factor or unexplained factor infertility (92.6% ± 5.4% and 92.1% ± 7.3%, respectively).
The fertilization rate among the injected oocytes in the ICSI group was significantly higher (p< 0.001) than the fertilization rate among the inseminated oocytes in the conventional IVF group in all couples with all three different infertility factors. However, the fertilization rate among the retrieved oocytes in the ICSI group was lower than the fertilization rate among the inseminated oocytes that underwent conventional IVF (Table 1 ). In couples with mild asthenozoospermia, total fertilization failure was significantly more common (p< 0.05) in the conventional IVF group (5.0%) than in the ICSI group (1.0%), while the occurrence of low fertilization was not different between conventional IVF and ICSI. In couple with tubal factor infertility, the total fertilization and low fertilization rates were not different between conventional IVF and ICSI. In couples with unexplained factor infertility, the occurrence of total fertilization failure was not different between conventional IVF and ICSI, but the low fertilization rate among the inseminated oocytes in the conventional IVF group (11.6%) was significantly higher (p < 0.05) than the low fertilization rate among the injected oocytes in the ICSI group (5.8%) ( Table 2 ).
Comparison of embryo quality between conventional IVF and ICSI in split insemination cycles and pregnancy outcomes depending on the origin of the transferred embryos
The quality of the embryos fertilized by conventional IVF or ICSI was compared in the 301 cycles in which embryos were transferred on day 3 ( Table 4 ). The rate of good-quality embryos was not different between embryos from conventional IVF (16.6% ± 23.2%) and embryos from ICSI (16.6% ± 26.6%). Fair-quality embryos were significantly more common (p< 0.05) in embryos from ICSI (53.0% ± 34.8%) than in embryos from conventional IVF (47.7% ± 29.4%), and poorquality embryos were significantly more common (p < 0.05) in embryos from conventional IVF (35.6% ± 29.6%) than in embryos from ICSI (29.8% ± 33.4%).
All embryos were frozen in 59 cycles, embryo transfer was cancelled due poor embryo quality in 2 cycles, and embryos were replaced in 510 cycles. Positive β-hCG results were observed in 276 cycles and 31 cycles ended in biochemical pregnancies. Of the 245 clinical pregnancies, eight were ectopic pregnancies; 21 were aborted within the first trimester of gestation; four were terminated; four pregnancies were lost in the second trimester of gestation; and 168 pregnancies resulted in live births. The main cause of termination was incompetent internal os of cervix. Follow-up was not carried out for 40 pregnancies because contact with the patients was lost after the clinical pregnancy was confirmed. Pregnancy outcomes were analyzed according to the origin of the transferred embryos (Table 5) . Only embryos from conventional IVF were replaced in 166 cycles. Fertilization failure occurred in 4 ICSI cycles, and all fertilized oocytes from ICSI were frozen in 64 cycles. In these cycles, the mean age of the female partner was 33.6 ± 2.6 years old, and the mean number of replaced embryos was 2.8 ± 0.2. Clinical pregnancy was confirmed in 80 cycles (48.2%). In 66 cycles, only embryos from ICSI were replaced. Fertilization failure occurred in 17 IVF cycles, and all fertilized oocytes from IVF were frozen in 1 cycle. The mean age of the female partner was 33.8 ± 2.8 years old and the mean number of replaced embryos was 2.8 ± 0.8. Clinical pregnancy was confirmed in 33 cycles (50.0%).
Embryos from conventional IVF were replaced along with embryos from ICSI in the remaining 278 cycles, and clinical pregnancy was confirmed in 132 cycles (47.5%). The mean age of the female partner was 34.4 ± 3.1 years old and the mean number of replaced embryos was 3.3 ± 0.7 in these cycles. Female age was significantly higher (p < 0.05) in patients in whom embryos from IVF were transferred along with embryos from ICSI than in patients in whom only embryos from IVF were transferred. Moreover, significantly more (p< 0.05) embryos were cultured in patients in whom only embryos from IVF were transferred (8.5 ± 2.4) than in patients in whom embryos from IVF were transferred along with embryos from ICSI (7.9 ± 2.2) or in patients in whom only embryos from ICSI were transferred (7.3 ± 2.9). Significantly more (p < 0.001) embryos were transferred in patients in whom embryos from IVF were transferred along with embryos from ICSI (3.3 ± 0.7) than in patients in whom only embryos from ICSI were transferred (2.8 ± 0.8) or in patients in whom only embryos from IVF were transferred (2.8 ± 0.2). However, the rates of clinical pregnancy, abortion, ectopic pregnancy, termination, second trimester loss, and live birth were not significantly different among these three groups (p= 0.933).
Contribution of IVF-ICSI split insemination to the increase of ICSI cycles
IVF-ICSI split insemination was performed in 571 cycles in 555 couples. Among them, the IVF cycles of 521 couples were their first cycles. Ninety-five couples did not become pregnant in their first cycle 7.3 ± 2.9 8.5 ± 2. Percentage was calculated from the total cycles in the respective group; h) p-value was calculated from the total cycles in the respective group; i)
Percentage was calculated from the clinical pregnancies in the respective group; j) p-value was calculated from the total clinical pregnancies in the respective group. Values are presented as number (%).
IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.
and underwent a second IVF cycle. The insemination techniques used in the second cycles were analyzed: conventional IVF, ICSI, or split insemination (Table 6 ). The insemination method of the second cycle was analyzed depending on the fertilization rate of conventional IVF and ICSI in their first cycles. In 30 of the 95 second cycles, the fertilization rates of conventional IVF and ICSI in the first cycle were over 50%. Among them, conventional IVF was carried out in 20 cycles, split insemination in 7 cycles, and ICSI in 3 cycles. In 27 of the second cycles, the fertilization rate of conventional IVF of the first cycle was over 50% while the fertilization rate of ICSI in the first cycle was under 50%. In this group, conventional IVF was carried out in 18 cycles, split insemination in 7 cycles, and ICSI in 2 cycles. In 18 of the second cycles, the fertilization rate of conventional IVF in the first cycle was under 50% and the fertilization rate of ICSI in the first cycle was over 50%. In the second cycles in this group, conventional IVF was not carried out, split insemination was carried out in 8 cycles, and ICSI was performed in 10 cycles. In 20 of the second cycles, both the fertilization rates of conventional IVF and ICSI in the first split insemination cycle was under 50%. In this group, conventional IVF was carried out in 8 cycles, split insemination in 5 cycles, and ICSI in 7 cycles. Split insemination or ICSI was carried out in 19 cycles although the fertilization rate of conventional IVF was over 50% in the first cy- 
Discussion
In split insemination cycles, the fertilization rate has been reported to be somewhat different between IVF and ICSI in multiple studies. In many studies, the fertilization rate of ICSI was reported to be higher than that of IVF when the fertilization rates were calculated based on the oocytes allocated to IVF or ICSI [19] [20] [21] [22] . However, it has been reported that the fertilization rate of IVF was similar to or higher than that of ICSI in several studies [6, 17, 23] . In the present study, the fertilization rate was significantly higher in IVF than in ICSI when the fertilization rate was calculated based on the allocated oocytes. We observed the maturation status of the unfertilized oocytes among inseminated oocytes when their fertilization status was checked the morning after oocyte retrieval. Of the 10,471 oocytes, 4,915 were allocated to IVF. Among them, 2,878 oocytes were normally fertilized (2 PN and 2 PB, 58.6%) and 392 oocytes were abnormally fertilized (1 PN or ≥ 3 PN, 8.0%). Of the oocytes, 771 were metaphase II oocytes (15.7%), 749 were immature oocytes (metaphase I or germinal vesicle stage, 15.2%) and 125 oocytes were abnormal or degenerated oocytes (2.5%). Immature, abnormal, or degenerated oocytes cannot be fertilized. Some of the metaphase II oocytes were immature at the time of oocyte retrieval and underwent maturation between oocyte retrieval and observation of their fertilization status (about 1 day), and the others were mature at the time of oocyte retrieval but were not fertilized. In contrast, some of the fertilized oocytes were immature at the time of oocyte retrieval but underwent maturation and were fertilized between oocyte retrieval and observation of their fertilization status. According to these results, most of the oocytes that were mature at the time of oocyte retrieval were fertilized, while very few oocytes could not be fertilized. The practice committees of the American Society for Reproductive Medicine and Society for Assisted Reproductive Technology have reported that fertilization failure seems to be correlated with poor ovarian stimulation [5] . Fertilization after IVF also seems to be correlated with ovarian stimulation. Therefore, the fertilization rate after IVF seems to be improved if ovarian stimulation is carried out in a way that increases the rate of mature oocytes among the retrieved oocytes, although the fertilization of oocytes is influenced by many factors.
Similar to recent studies, fertilization failure occurred more frequently in IVF cycles than in ICSI cycles in the present study. Low fertilization, corresponding to a rate of less than 30%, was also more common in IVF than ICSI when fertilization rate of ICSI was calculated based on the injected oocytes. However, low fertilization was significantly more common in the ICSI cycles than in the IVF cycles when it was calculated based on the allocated oocytes. Low fertilization depending on the infertility indication was also similar between IVF and ICSI or was higher in ICSI than in IVF when the fertilization rate was calculated based on the allocated oocytes, although the difference was not significant. Fertilization failure was significantly more common in couples with only mild male factor infertility when fertilization failure was analyzed based on the infertility indication. According to these results, it seems that ICSI is not beneficial in terms of fertilization compared with IVF. However, ICSI may decrease the incidence of fertilization failure in couples with some infertility indications, such as mild male factor infertility. But ICSI is unnecessarily implemented in most of those couples to prevent the fertilization failure in some couples of them.
The rate of good-quality embryos did not differ significantly between IVF and ICSI. This result is consistent with the results of other studies [22, [24] [25] [26] [27] [28] . However, the fair-quality embryo rate was significantly higher in ICSI than in IVF and the poor-quality embryo rate was significantly higher in IVF than in ICSI. Overall, the quality of embryos was better in ICSI than in IVF. The reason for this is likely that some of the IVF embryos were derived from immature oocytes. In particular, some oocytes that were immature at the time of oocyte retrieval underwent maturation and were fertilized during IVF, and the embryos derived from theses oocytes were mixed in with the embryos derived from in vivo matured oocytes. In contrast, all ICSI embryos were derived from oocytes that underwent maturation before ICSI was implemented. For this reason, it seems that the overall quality of ICSI embryos was better than that of the IVF embryos. It is difficult to evaluate the developmental potential of embryos derived from immature oocytes matured during IVF. According to the clinical outcomes of ICSI, the developmental potential of embryos derived from in vitro matured oocytes is inferior to that of embryos derived from in vivo matured oocytes. The cleavage rate of oocytes fertilized from an in vitro matured oocyte was lower than that of fertilized oocytes that were in metaphase II at the time of denudation [29] [30] [31] . Moreover, the good-quality embryo rate was lower in embryos derived from in vitro matured oocytes than in embryos derived from mature oocytes [32] . The pregnancy outcomes did not differ among cycles depending on the origin of the replaced embryos; this finding was based on a comparison of cycles in which only IVF embryos were replaced, cycles in which only ICSI embryos were replaced, and cycles in which IVF embryos were replaced together with ICSI embryos.
There are limitations to our study. The selection of transferred embryos could not be controlled due to the retrospective design of this study. Embryos with good quality were preferentially selected for embryo transfer, and embryos from IVF were preferentially selected over the embryos from ICSI when the embryo quality was similar between them. Therefore, there are limitations in the comparison of pregnancy rates among study groups. We analyzed as many split insemination cycles as possible to overcome such limitations. We additionally limited the age of the female patients( < 40 years old), the number of retrieved oocytes ( ≥ 10) and the infertility factors of the patients. However, a prospective randomized study is needed on a large scale to analyze whether split insemination is effective.
In conclusion, the fertilization rate and embryo quality were not significantly different between IVF and ICSI in split insemination cycles. Total fertilization failure was significantly less common in ICSI cycles than in IVF cycles. However, the fertilization rate of IVF was similar to or higher than that of ICSI in 78.9% of the split insemination cycles (451 of 571 cycles). Unnecessary ICSI was therefore implemented in these cycles. For this reason, the implementation of split insemination should be considered carefully.
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